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Most ITCs are pungent and flavorful compounds. Because 6-methylsulfinylhexyl isothiocyanate (6-MSITC) has a weak wasabi flavor (Etoh et al., 1990) , it is thought to be particularly stable among the ITCs in wasabi. In addition, 6-MSITC is the most abundant ITC in wasabi after allyl isothiocyanate (Etoh et al., 1990 ). Therefore, 6-MSITC may be useful as a functional compound.
6-MSITC has been studied for its physiological function, including antiplatelet (Morimitsu et al., 2000) , anticancer (Morimitsu et al., 2000; Watanabe et al., 2003) , detoxifying (Morimitsu et al., 2000; Toyama et al., 2011) , anti-inflammatory (Uto et al., 2005) , antidiabetic (Fukuchi et al., 2004; Yoshida et al., 2011) , and antiallergic activities (Nagai and Okunishi, 2009; Yamada-Kato et al., 2012) .
The antioxidative effects of 6-MSITC have also been studied. Kinae et al. (2000) reported that 6-MSITC may act as an antioxidant and/or radical scavenger in the formation of heterocyclic amines. The NF-E2-related factor 2/kelchlike ECHassociating protein 1 (Nrf2/Keap1) system is well known to play an important role in the expression of antioxidant enzymes. When the Keap1-Nrf2 complex is disrupted, Nrf2 translocates to the nucleus and activates the antioxidant response element (ARE). Morimitsu et al. (2002) reported that 6-MSITC induced the nuclear localization of Nrf2 and activated the ARE receptor genes in RL34 cells. Furthermore, Hou et al. (2011) revealed the molecular mechanisms behind the activation of the Nrf2/Keap1 system by 6-MSITC in human hepatoblastoma HepG2 cells. Additionally, Mizuno et al. (2011) reported that 6-MSITC significantly protected against hydrogen peroxide (H 2 O 2 )-and paraquat-induced cytotoxicity in primary neuronal cultures of rat striatum. Regarding the mechanism involved, 6-MSITC was suggested to increase the i n t r a c e l l u l a r g l u t a t h i o n e c o n t e n t v i a a n i n c r e a s e i n γ-glutamylcysteine synthetase expression induced by activation of the Nrf2/Keap1 system.
Benzyl isothiocyanate (BITC), which is contained in members of the Brassicaceae family such as papaya (Tang et al., 1983) , has also been studied for its antioxidative effects. BITC inhibited PMA-induced O 2 • − generation from differentiated HL-60 cells (Miyoshi et al., 2004) . In addition, it significantly inhibited the consumption of exogenously added NADH. However, BITC did not inhibit the translocation of PKC-β, although PKC-β was translocated to the membrane from the cytosol by PMA Nakamura, 2004) .
In a previous study, other ITCs such as AITC, phenethyl isothiocyanate (PEITC), and methyl isothiocyanate (MITC)
BITC-OMe], showed no such ability (Miyoshi et al., 2004) .
6-MSITC was reported to conjugate with a thiol group of N-acetyl-
l-cysteine (NAC) (Yamaguchi et al., 2008) and a cysteine residue of heat shock protein 90β (HSP90β) (Shibata et al., 2011) . In this study, to utilize 6-MSITC as a functional compound, we investigated its inhibitory effects on O 2 • − generation from differentiated HL-60 cells.
Materials and Methods
Reagents 6-MSITC was synthesized by the oxidation of 6-methylthiohexyl isothiocyanate (Ogawa & Co., Ltd., Tokyo, Japan) in our laboratory (Murata et al., 2004) . BITC was purchased (Osaka, Japan). Cell Count Reagent SF was purchased from Nacalai Tesque, Inc. (Kyoto, Japan).
Cell culture and differentiation The HL-60 human cell line derived from promyelocytic leukemia cells (RCB3683) was purchased from Riken BioResource Center (Ibaraki, Japan). Cells were cultured in RPMI-1640 medium with 10% FBS at 37℃ in a 5% CO 2 incubator.
HL-60 cells were plated at 1.0 × 10 6 cells/mL in six-well culture plates (3.0 mL/well) with RPMI-1640 medium containing 10% FBS and 1 μM retinoic acid. They were cultured at 37℃ in a 5% CO 2 incubator for 9 days to differentiate to neutrophils. After the medium was removed by centrifugation, the differentiated HL-60 cells were suspended at 1.0 × 10 6 cells/mL in RPMI-1640
(serum-free medium).
Nitroblue tetrazolium (NBT) is known to be reduced by O 2 • − , and cells are stained by this reduction. The differentiation of HL-60 cells to neutrophils was estimated using NBT staining. As a result of counting the number of stained cells, approximately 70%
of the cells differentiated to neutrophils upon treatment with retinoic acid for 9 days (data not shown).
Cell viability Cell viability was determined by the WST assay 1640 (serum-free medium) with the test samples was added and incubated at 37℃ for 10 min. After adding 100 μL of PBS with 20% FBS, 100 nM PMA, and 1 mM lucigenin, the cell suspension was incubated at 37℃ for 5 min in a 5% CO 2 incubator.
Luminescence was measured using a plate reader (Precision microplate reader; Molecular Devices Corporation).
NADH consumption
The differentiated HL-60 cells were suspended at 5.55 × 10 6 cells/5 mL of RPMI-1640 with 10% FBS.
After 1 μL of the test samples was added, the cell suspension was incubated at 37℃ for 15 min in a 5% CO 2 incubator. After the medium was removed by centrifugation, the cells were suspended at 1.0 × 10 6 cells/90 μL in PBS and the cell suspension was then transferred to 96-well plates (90 μL/well). After 10 μL of 10 mM NADH was added, the cell suspension was incubated at 37℃ for 10 min in a 5% CO 2 incubator. Then, 100 μL of PBS with 200 nM PMA was added. After the cell suspension was incubated at 37℃
for 15 min in a 5% CO 2 incubator, absorption at 340 nm was measured using a plate reader (Precision microplate reader; 
Molecular Devices Corporation).

Superoxide dismutase (SOD)-like activity
Results and Discussion
Cell viability was determined by the WST assay. Cell viability decreased remarkably at more than 100 μM 6-MSITC and BITC, indicating cytotoxic effects had been detected (Fig. 2) . To clarify that the antioxidative activity was not influenced by the decrease in cell viability, the treatment time of test samples was kept equal in were estimated to be 28.9 μM and 33.9 μM, respectively. More than 100 μM 6-MSITC and BITC decreased cell viability (Fig. 2) and inhibited O 2 • − generation from PMA-stimulated differentiated HL-60 cells (Fig. 3) . O 2 • − generation might have decreased because of cell death.
To clarify the mechanism of inhibition of O 2 • − generation by 
